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(54) Residue removal by supercritical fluids 

(57) A method for the removal of residue from an 
etched precision surface such as a semiconductor sam- 
ple is provided which comprises exposing said precisian 
surface to a supercritical fluid or liquid CO2 under 
appropriate conditions that are sufficient to remove the 
residue from the precision surface. Cryogenic aerosol 
may be used in conjunction with either the supercritical 
fluid or liquid CO2. 
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Description 

The present invention relates to a method for 
removing residue material from a precision surface, e.g. 
a semiconductor sample, which has been first subjected 
to an etching process, such as reactive ion etching, 
(RIE). 

In the field of advanced semiconductor manufactur- 
ing, it is well known to expose a semiconductor sample, 
such as a semiconductor wafer containing blanket metal 
or insulating films and a photoresist exposed with pat- 
terns to a reactive ion etching (RIE) process using a 
mixture of gases containing but not limited to chlorine 
and/or fluorine. The purpose of such an etching process 
is to define patterns in the films. The photoresist is then 
typically stripped in an oxygen plasma. The remaining 
residues often need to be removed by chemicals and/or 
solvents in order to achieve high yield. 

For example, Al metal etching is the most com- 
monly used to define wiring on the semiconductor 
wafers. Despite cleaning and rinsing the semiconductor 
wafer, unwanted residue still remains on the top and the 
sidewalls of the metal lines. This unwanted residue, 
which remains on the top and sidewalls of the metal 
lines, reportedly includes the elements carbon, hydro- 
gen, silicon, aluminum, fluorine, chlorine and oxygen. 
Such residue, which is referred to herein as RIE resi- 
due, is known to be conductive enough to cause shorts 
between metal lines. Moreover, the RIE residue may 
also cause adhesion problems between the metal lines 
and the overlying insulator. The RIE residue on metal 
fines may cause corrosion of the semiconductor sam- 
ple. The RIE residue on polysilicon lines or oxide vias 
also cause yield loss problems. Thus, there is consider- 
able interest in the field of advanced semiconductor 
manufacturing for developing a chemically safe and 
easy method for removing the RIE residue from a semi- 
conductor sample. 

The current method which is t>pically being used 
for removal of this unwanted RIE residue in advanced 
semiconductor manufacturing processes involves soak- 
ing the etched semiconductor sample in an acid bath. 

The present invention provides a method for remov- 
ing residue from an etched precision surface cx^mprising 
exposing said precision surface to a removing fluid com- 
prising supercritical fluid or liquid CO2 under conditions 
sufficient to remove said residue from said etch preci- 
sion surface. 

Preferably, the precision surface is a semiconductor 
sample, which has been first subje*:;ted to an etching 
process such as reactive ion etching (RIE) 

An optional two step process for removing residue 
from an etched precision surface is provided, using cry- 
ogenic aerosol to remove residue remaining after the 
supercritical fluid or liquid CO2 treatment, is also con- 
templated herein. 

The method of the present invention eliminates the 
use of prior art solvents and acids in selected aspects of 



advanci3d semiconductor manufacturing processes for 
removing residue from a precision surface, e g. a semi- 
conductor sample. 

It is emphasized that supercritical fluids, such as 
5 supercritical fluid CO2. are, however, currently being 
used in semiconductor processing for developing a 
resist pattern layer on a substrate. Such a process is 
dtscloseKj. for example, in U.S. Patent No. 4,944.837 to 
Nishikawa et al. Specifically, Nishikawa et al. provides a 
7C method of forming a patterned resist film having a pre- 
determined pattern on a surface layer formed on a sub- 
strate a)mprising the steps of depositing a resist film on 
the surface layer, pre-processing the resist film into a 
pre-processed resist film which is attached to the sur- 
/5 face layer and which has a latent image of the predeter- 
mined pattern, and processing the pre-processed resist 
film into the patterned resist film. In accordance with the 
disclosure of Nishikawa et al., the processing step com- 
prises introducing the pre-processed resist film together 
2G with the substrate into a supercritical atmosphere and 
developing the pre-processed film in a supercritical 
atmosphere to selectively remove the pre-processed 
film. 

Other examples of using supercritical fluids in sem- 
25 iconductor manufacturing are disclosed in U.S. Patent 
Nos. 5,185.296 and 5.304.515. both to Morita et al. In 
both of these disclosures, supercritical fluids are used 
for forming a dielectric thin film or pattern thereof on the 
surface of a semiconductor substrate. As in the above 
3c reference to Nishikawa et al., the supercritical fluids are 
used in both of the Morita et al. references to develop 
the pattern resist film on the surface of the semiconduc- 
tor substrate 

In an article by Ziger et al. entitled "Compressed Fluid 
35 Technology: Application to RIE-Developed Resists", 
AlCHE Journal, Vol. 33. No. 10. October 1978, com- 
pressed CO2 i.e., supercritical fluid CO2. is utilized in 
the area of microfithography to extract nonvolatile 
siloxane molecules from a host organic polymer. 
4C Despite the use of supercritical fluids in the prior art 
there is no known disclosure of using a supercritical 
fluid to remove residue from a precision surface such as 
a semiconductor sample which contains such residue 
thereon. 

45 It is emphasized that the residue on the precision 

surface removed by the method of the present inven- 
tion, is formed by subjecting the surface to a material 
removal process such as chemical etching, ion etching, 
or laser ablation, in the process of creating or modifying 

5C the precision surface. The residue formed may be on 
etched surfaces or adjacent non-etched surfaces The 
residue is then removed from the surface by exposure to 
a supercritical fluid 

The use of supercritical fluids for removing residue 

55 from precision surfaces such as semiconductor sam- 
ples eliminates the prior art use of, but not limited to. a 
carcinogenic bath containing chromic phosphoric acid. 
Thus, the present invention provides an efficient and 
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safe means for removing etchant residue from a preci- 
sion surface containing such residue. 

The term "precision surface" as used herein 
denotes a material which has controlled features below 
the plane of the surface such as cavities, trenches or s 
channels incorporated into the material and or raised 
features such as mesas. Cleaning of this type of surface 
must be selective to the residue and not modify the sur- 
face geometry (dimensions). Precision surfaces 
include, but are not limited to. semiconductors samples, to 
metals, polymers and insulators. 

The term "supercritical fluid" is used herein to 
denote a material which is under conditions of not lower 
than a critical temperature, T^, arxj not less than a criti- 
cal pressure, P^, in a pressure-tenperature diagram of /5 
an intended conpound. For a complete description on 
the theory of supercritical fluids see Kirk-Othmer Ency- 
clopedia of Chemical Technology, 3d. Supplement Vol- 
ume, pp. 872-893. The preferred supercritical fluid 
employed in the present invention is CO2 which may be 20 
used alone or in an admixture with another additive 
such as Ar, NH3. N2. CH4. C2H4, CHF3. C2H6, n-CaHe, 
H2O, N2O and the like. Surfactants containing at least 
one CFx functional group may also be used in conjunc- 
tion with a supercritical fluid 25 

Embodiments of the present invention will now be 
described with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a schematic diagram of the apparatus 30 
which is employed in the instant invention for the 
removal of residue from a precision surface such as 
a semiconductor sample. 

Fig. 2 is an SEM illustrating the metal line structures 35 
of a 200 mm semiconductor wafer which contains 
RIE reside, which was broken into several samples 
for testing. 

Fig. 3 is an SEM of a first piece of the wafer of Fig. 40 
2 after exposure to supercritical fluid GO2 lor 2 hrs. 
at 40°C and 5840 psi, 50K magnification, resolution 
600 nm. 

Fig. 4 is an SEM of the second piece of the wafer of 45 
Fig. 2 after exposure to supercritical GO2 for 2 hrs. 
at 80°C and 5840 psi. 50K magnification, resolution 
600 nm. 

Fig. 5 is an SEM of the third piece of the wafer of so 
Fig. 2 after exposure to supercritical fluid CO2 for 30 
minutes at 40*'C and 5840 psi, 35K magnification, 
resolution 857 nm 

Fig. 6 is an SEM of the fourth piece of the wafer of 55 
Fig. 2 after exposure to supercritical fluid CO2 for 1 
hr. at 40°C and 5840 psi, 60K magnification, resolu- 
tion 500 nm. 



Fig 7 is an SEM of the fifth piece of the wafer of Fig 
2 after exposure to supercritical CO2 for 2 hr. at O'^C 
and 5840 psi, 60K maonification, resolution 500 

nm. 

Fig. 8 is an SEM of the first piece of a 200 mm sem- 
iconductor wafer with vias etched in the oxide film 
shown from the side. 5K\/. 60K magnification, reso- 
lution 600 nm. 

Fig. 9 is an SEM of a second piece of the 200 mm 
semiconductor wafer of Figure 8 with vias etched in 
the oxide film, shown from the side, after process- 
ing in supercritical fluids. 10KV. 60K magnification, 
resolution 500 nm 

In accordance with the first embodiment of the 
present invention, residue which is present on an 
etched precision surface is removed from the precision 
surface by using supercritical fluids. Specifically, the 
residue is removed from an etched precision surface by 
exposing the precision surface to a supercritical fluid 
under conditions which are sufficient to remove said 
residue. 

It is emphasized that the precision surface is first 
etched prior to exposing it to a supercritical fluid. Etch- 
ing of the precision surface -nay be conducted using 
techniques well known to those skilled in the art. Suita- 
ble techniques for etching the precision surface include, 
but are not limited to, reactive ion etching (RIE), ion 
beam etching (IBE), plasma etching, laser ablation and 
the like. Of these etching techniques. RIE is particularly 
preferred in the present inven jon. Typically in the prior 
art, RIE is carried out using gases containing, but not 
limited to. CI or F. 

The residue left behind after etching a precision 
surface may contain one or ^lore of the following ele- 
ments: cartx)n, hydrogen, sil'con, aluminum, fluorine, 
chlorine or oxygen. 

As stated above, the te rn "precision surface' is 
used herein denote a material which contains a surface 
that has cavities, trenches and/or channels incorpo- 
rated therein. Suitable precision surfaces tfiat may be 
enployed in the present invention include, but are not 
limited to. semiconductor samples, metals such as Al, 
Si. W, Ti, Ta. Pt, Pd, Ir, Cr, Cu. and Ag, polymers such 
as F>olyimides, polyamides and the like, and insulators. 
Of these precision surfaces, semiconductor samples 
are particularly preferred in the present invention. 

It should be noted that the description provided 
hereinbelow while being specific to RIE semiconductor 
samples is also valid for other types of precision sur- 
faces which may be etched by any of the aforemen- 
tioned etching techniques. For example, the description 
provided hereinbelow also applies to an IBE insulator, a 
laser ablated polymer and the like 

Figure 1 is a schematic diagram of an apparatus 10 
that can be used in the present invention for removing 
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RIE residue from a semiconductor sample containing 
the same. Apparatus 10 includes process chamber ^2 
having a sample zone 14 wherein the semiconductor 
sample 16 is placed. The process chamber 12 is sur- 
rounded by heater jacket 18 and contains, optionally, a 
stirring mechanism 20 Addftionally, the process cham- 
ber contains inlet line 22. outduct 24 and thermocouple 
26. The inlet line 22 contains a high pressure pump sys- 
tem 28 which is connected to gas cylinder 30 for supply- 
ing a supercritical fluid or mixture thereof to process 
chamber 12. Thermocouple 26 is also connected to 
heater control 32 which is utilized for controlling and 
monitoring the temperature of the RIE residue removal 
process. Apparatus 10 may also include reservoir 34 for 
collecting and/or purifying supercritical fluids that exit 
process chamber 12 through outduct 24. This material 
may then be recycled into the process chamber via duct 
35. Gas cylinder 30 contains a prejisurized liquid. The 
term supercritical fluid refers to the state of matter of a 
material above its critical point, i.e , a critical tempera- 
ture, Tc, and critical pressure, P^, at which two phases 
of a substance, in equilibrium with each other, become 
identical, forming one phase. Any supercritical fluid 
known to those skilled in the art such as CO2 and/or Ar 
may be used in the present invention provided that they 
are capable of removing the RIE residue from the sem- 
iconductor sample. The preferred supercritical fluid is 
CO2 which may be used alone or in an admixture with 
one or more additives selectrve from the group consist- 
ing of Ar, N2O, NH3, N2. CH4. C2H4, CHF3, C2H6, H2O. 
n-CaHg, and the like. 

Any grade of supercritical fluid can be employed in 
the present Invention. If a low grade of supercritical fluid 
is employed which contains a lot of impurities therein, 
the supercritical fluid can be first purified to remove the 
impurities using techniques well known to those skilled 
in the art. For instance, the low grade supercritical fluid 
could be purified by passing it through a column prior to 
entering the processing chamber. 

It is also emphasized that the supercritical fluid 
could be combined with additives or surfactants which 
would aid in removing the RIE residue from the semi- 
conductor sample. Suitable additives include, but are 
not limited to, those mentioned hereinabove. Of these 
additives, H2O is most particularly preferred. 

The types of surfactants that may be used in the 
present invention include any surfactant which contains 
at least one CF^ functional group in its structure. 

As shown in Figure 1, the supercritical fluid is pre- 
pressurized with a high pressure pun-ip. Typically, in the 
present invention, the supercritical fluid is pre-pressu- 
rized to a pressure of about 1000 psi to 6000 psi. More 
preferably, the supercritical fluid is pre-pressurized to a 
pressure of about 3000 psi before entering the process- 
ing chamber. The pre-pressurized supercritical fluid is 
then transferred to the processing- chamber which con- 
tains a semiconductor sample through inlet line 22. 
The semiconductor samples that can be employed 



in the present invention are any semiconductor samples 
that are processed by RIE or any of the other etching 
techniques mentioned hereinat)ove. Illustrated exam- 
ples of suitable semiconductor samples that may be 
5 used in the present invention include, but are not limited 
to, semiconductor wafers, semiconductor chips, 
ceramic substrates, patterned film structures and the 
like. 

Besides what is used in illustrating the invention, 
10 the semiconductor sample, which may be subjected to 
the method of the present invention, may include one or 
more of the following materials: titanium silicides, tanta- 
lum nitride, tantalum silicide, silicon, polysilicon, silicon 
nitride, Si02, diamond-like carbon, polyimides, polya- 
}5 mides. aluminum, aluminum with copper, copper, tung- 
sten, titanium, palladium, platinum, iridium, chromium, 
ferroelectric materials and high dielectric materials such 
as BaSrTi or PbLaTi oxides. 

The semiconductor sample containing the RIE res- 
20 idue is placed in sample zone 16 of process chamber 12 
wherein the sample is exposed to the supercritical fluid 
urxJer conditions which are sufficierrt to remove the RIE 
residue from the sample while maintaining the super- 
critical fluid above its critical temperature and pressure. 
25 Typically, in the present invention the pressure 
within the process chamber during RIE residue removal 
is from about 1000 psi to about 6000 psi More prefera- 
bly, the pressure within the process chant)er during RIE 
residue removal is about 3000 psi. 
3G The temperature within the processing chamber 
during the RIE residue removal which is monitored by 
thermocouple 26 and controlled by controller 32 is gen- 
erally from about 40X to about 80X. More preferably, 
the temperature within the process chamber during RIE 
35 residue removal is about 40°C. 

To ensure effective removal of the RIE residue from 
the semiconductor sample, the semicorxjuctor sample 
should be exposed to the supercritical fluid under the 
above conditions for about 30 minutes to about 2 hrs. 
4C More preferably, the time period for exposure of the 
semiconductor sample to the supercritical fluid under 
the above-identified conditions is about 1 hr. 

The supercritical fluid exiting the process chamber 
through outduct 24 may be cleaned, as described 
45 above, and recycled back into the apparatus so as to 
form a closed reactor system. Such a closed reactor 
system, v/hich is not shown in Fig. 1, would greatly 
reduce the processing cost in producing clean semicon- 
ductor samples. 
50 When stirring is employed within the processing 

chamber, the speed of the stinring unit may vary from 
about 500 rpm. to about 2500 rpnr. preferably about 
1 000 rpm 

In accordance with the second embodimerrt of the 
55 present invention, a method for removing residue from 
an etched precision surface such as a RIE semiconduc- 
tor sample is provided which comprises the steps of 
exposing the precision surface to a supercritical fluid 
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and then contacting the exposed precision surface to a 
cryogenic aerosol. A highly preferred precision surface 
used in this embodiment of the present invention ts a 
RIE semiconductor sample. 

The term "cryogenic aerosol" as used herein s 
denotes a solid jet spray which is formed when a rela- 
tively high pressure gas liquid mixture is allowed to rap- 
idly expand into a region of lower pressure at cryogenic 
terrperatures. cooling the jet and causing the mixture to 
solidity Cryogenic aerosols compnsing argon, nitrogen lu 
and/or CO2 may be employed in the present invention m 
removing residue from a preasion surface. 

When cryogenic aerosol is used, the cryogenic aer- 
osol contacts the exposed semiconductor sample under 
conditions which are sufficient to remove the remaining 15 
residue detached during the supercritical fluid treatment 
process. Such conditions are well known to those 
skilled in the art 

In the third embodiment of the present invention, 
liquid CO2 is used as the solvent instead of a supercrit- 20 
ical flutd for removing residue from a precision surface 
that has been previously etched by one of the afore- 
mentioned etching processes. The preferred precision 
surface employed in this third embodiment of the instant 
invention is a semiconductor sample which was been 25 
etched by RIE. 

The apparatus used in this third embodiment of the 
present invention is similar to the one shown in Figure 1 
except that the gas cylinder contains gaseous CO2 
which is made into a liquid by pre-pressurizing the gas so 
to a total pressure of about 880 psi to about 1000 psi. 
More preferably the gaseous CO2 is pressurized to 
about 880 psi. 

Any grade of gaseous CO2 made be used, how- 
ever, if the impurity level within the gas is too high the 35 
gas should be purified by the above identified tech- 
niques prior to be converted into the liquid state. 

The conditions used in this third embodiment are 
not as severe as that described above since no super- 
critical fluid is employed. Typically, in this third embodi- 40 
ment, the pressure within the processing chamber 
during residue removal is from about 880 psi to about 
1000 psi. More preferably when liquid CO2 is employed 
the pressure within the processing chamber is about 
880 psi. 45 

The temperature which is used in this third embod- 
iment of the present invention is generally from about 
25°C to about 40°C. More preferably, when liquid CO2 is 
employed, the temperature within the processing cham- 
ber during residue removal is atxjut 40°C. so 

Suffiaent residue removal using liquid CO2 is 
obtained generally within a period of time of from about 
30 minutes to about 2 hrs More preferably, sufficient 
residue removal using liquid CO2 is generally obtained 
within a time period of from atx3ut 1 hr 55 

The liquid CO2 may be used alone or it may be 
used with one of the surfactants or additives described 
hereinabove. The preferred additive used with liquid 



COo is HoO 

When stirring ts employed in this third emtxx:liment. 
the stirring speed is from aboLJt 500 rpm to about 2500 
rpm. More preferably the stirring speed in the third 
enrtKxliment is from about 1000 rpm. 

In the fourth embodimeni of the present invention, 
the residue is removed from ar. etched precision surface 
using a two step process which comprises first exposing 
a precision surface containinc etchant residue to liquid 
CO2 under conditions defined above and then contact- 
ing the exposed semiconductor sample with a cryogenic 
aerosol under conditions to remove the remaining resi- 
due detached during the liquid CO2 treatment. 

TTie cryogenic aerosol used in this embodiment of 
the present invention is the bame as that described 
hereinabove in the second enbodiment. Moreover, the 
conditions are also the same as that reported herein- 
above. 

The following examples are given to illustrate the 
scope of the present invention Because these exam- 
ples are given for illustrative purposes only, the inven- 
tion embodied therein should rot be limited thereto. 

EXAMPLE 1 

In this example, RIE residue is removed from semi- 
conductor wafers using supercritical fluid CO2 as the 
solvent. Specifically, the semiconductor wafers contain- 
ing a blanket metallization and a patterned photoresist 
were first exposed to a typical reactive ion etch process. 

After etching of aluminum lines, the photoresist was 
stripped in an 02-containing plasma using techniques 
well known to those skilled in the art. 

A Scanning Electron Micrograph (SEM), of one of 
the wafers after processing is shown in Figure 2. All the 
SEM's shown in Figs 2-7 of this example were done at 
10 KEV using various magnifications and resolutions. 
Views from the top as well as the sides are also shown. 
Specifically. Figure 2 shows the metal line structure of 
the RIE wafer which contains RIE residue deposit ther- 
eon. 

Next, wafers, as shown in Figure 2, containing RIE 
residue were loaded into a high pressure chamber as 
shown in Figure 1. Supercritical extraction grade CO2 
was pre-pressurized to about 5840 F>si using a mechan- 
ical pump and was introduced into the pressure cham- 
ber by using static pressure and flow mode. No stirring 
was utilized in this exarrif^le 

In a first experiment, one o. the wafers was exposed 
to supercritical fluid CO^ for 2 hrs at a temperature of 
40*'C and a pressure of 5840 psi An SEM for this exper- 
iment is shown in Fig 3 Specifically, this SEM shows a 
cleaned semiconductor sample. The sample initially 
contained RIE residue prior to exposure to a supercriti- 
cal fluid under the above condi* txis. 

In another experiment, a wafer was exposed to 
supercritical fluid CO? for 2 h s. at a temperature of 
80**C and a pressure of 5840 pr,i An SEM for this exper- 
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iment is shown in Fig 4. Again, this SEM illustrates that 
effective RIE residue removal is obtained by using the 
method of the present invention. 

Further experiments were made at 40°G and 5840 
psi using processing times of 30 minutes, 1 hour and 2 
hours. Those results are shown in Figs. 5, 6 and 7, 
respectively. The RIE residue removal from the semi- 
conductor wafers was shown to be more effective at 1 or 
2 hours than at 30 minutes. 

EXAMPLE 2 

In this example, a section of a 200mm wafer with 
vias etched in the oxide was subjected to supercritical 

CO2. 

Residue that was formecJ in the vias can be seen in 
Fig. 8 (side view). JY)e wafer was exposed to supercriti- 
cal fluid CO2 for 1 hour at 3000 psi and 40°C with stir- 
ring at 500 rpm. As shown in Figure Fig. 9 (side view), 
all RIE residue has been remove<i from the sample 
under these conditions. 

Claims 



4. 



6. 



The method of Claim 2 wherein said surface is 
exposed to said supercritical fluid at a temperature 
of about 40°C to about 80"C. 



7. The method of claim 1 wherein said removing fluid 
is liquid CO2 

8. The method of Claim 1 , 2 or 7 wherein the precision 
surface is a semicorxlictor sample, a metal, a poly- 
mer or an insulator, 

9. The method of Claims 1 to 8 -wherein the precision 
surface is etched by reactive ion etching, ion beam 
etching, plasma etching or laser ablation. 
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1 . A method for removing residue from an etched pre- 
cision surface comprising exposing said precision 
surface to a removing fluid comprising supercritical 
fluid or liquid CO2 under conditions sufficient to 
remove said residue from said etch precision sur- 
face. 

2. The method of claim 1 wherein said removing fluid 
is a supercritical fluid. 



The method of Claim 2 wherein said supercritical 35 
fluid comprises Ar or COo or mixtures thereof. 



The method of Claim 2 wherein said surface is 
exposed to said supercritical fluid at a pressure of 
from about 1000 psr to at)out 6000 psi. 40 

The method of Claim 4 wherein said pressure is 
about 3000 psi 



10. The method of Claim 9 wherein etching is con- 
ducted by reactive ion etching. 

11. J\^e method of Claim 7 wherein said precision sur- 
face is exposed to said liquid CO^ at a pressure of 
about 880 psi to about 1000 psi. 

12. The method of Claim 7 wherein said precision sur- 
face is exposed to said liquid COo at a temperature 
of from about 25°C to about 40"C. 

13. The method of Claim 1, 2 or 7 wherein said preci- 
sion surface is exposed to said removing liquid for a 
time period of about 30 minutes to about 2 hrs. 

14. The method of Claim 13 wherein said exposure 
time is about 1 hr. 

1 5. The method of Claim 8 wherein said semiconductor 
sample is a surface of a semiconductor wafer, sem- 
iconductor chip, ceramic substrate, glass substrate, 
polymer or other patterned film structure. 

16. The method of claim 1, 2 or 7 wherein said preci- 
sion surface contains a materia! selected from the 
group consisting of titanium silicide. tantalum 
nitride, silicon, polysilicon. silicon nitride, Si02. dia- 
mond- like carbon, polyimides. polyamides. alumi- 
num, aluminum with copper, copper. Ti, Ta, W, Pt. 
Pd. tr, Cr, ferroelectric materials and high dielectric 
materials. 

17. The method of Claim 1 , 2 or 7 wherein said remov- 
ing fluid is stined at about 500 rpm to about 2500 
rpm. 

18. The method of Claim 17 wherein said removing 
fluid is stirred at about 1000 rpm. 

19. The method of Claim 1 , 2 or 7 wherein an additive 
or surfactant is used with said removing fluid. 

20. The method of Claim 19 wherein said additive is 
selected from the group consisting of Ar, N2O, NH3. 
N2. CH4, C2H4, CHF3, C2H6. n-CgHg and H2O. 

21. The method of Claim 19 wherein said surfactant is 
a surfactant which contains at least one CF^^ func- 
tional groups. 

22. The method of Claim 1 . 2 or 7 wherein said remov- 
ing fluid is purified prior to exposing to said preci- 
sion surface 



55 23. The method of Claim 1 , 2 or 7 wherein said residue 
contains at least one element selected from the 
group consisting of carbon, hydrogen, silicon, alu- 
minum. W. Ti, Ta, Pt. Pd, Ir. Cr. fluorine and chlo- 
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rine. 

24. The method of Claim 1 , 2 or 7 further comprising 
contacting said removing fluid exposed precision 
surface with a cryogenic aerosol under conditions 5 
sufficient to remove any remaining residue from the 
exposed precision surface. 

25. The method of Claim 24 wherein said cryogenic 
aerosol of Ar, N2 CO2 or a mixture thereof 10 



15 



35 



55 



7 



EP 0 836 895 A2 




cn 



o 
o 



cn 
c 



CO 





CO 




be 




E 






o 


0^ 


o> 


x: 






O 


o 
o 


CO 




— > 








to 




<t> 


OJ 

o 


Q T e 


(Dpi 






o 


CL 


X 


CO 



8 




FIG.2 



BNS[XX':ir' --Elf 



9 



EP 0 836 895 A2 




FIG. 3 



10 



EP 0 836 895 A2 




EP 0 836 895 A2 




FIG .5 



12 



EP 0 836 895 A2 



WD7 

fkSTC D. 



Fn38961 




2PN2eE3GPL-lBB nXfi 
307 .10. 0kV .XG0. 0k' ' 'se'e'nm, 



FIG.6 



13 



EP 0 836 895 A2 




FIG. 7 



14 




EP 0 836 895 A2 




DEI 00 18s 

21Q.16E66SS-8LPG .. Garrison 



000815 5KV X60.eK seencn 



15 



EP 0 a36 895 A2 




(19) 



J 



(12) 



(88) Date of publication A3: 

16.09.1998 Bulletin 1998/38 

(43) Date of publication A2: 

22.04.1993 Bulletin 1998/17 

(21) Application number: 97307272.1 

(22) Date of filing: 18.09.1997 



Europaisches Patentamt 
European Patent Office 

Office europeen des brevets (1 1 ) EP 0 836 895 A3 

EUROPEAN PATENT APPUCATION 

(51) int CI 6; B08B 7/00, H01L 21/00 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH DE DK ES Fl PR GB GR IE IT LI LU MC 


• McCullough, Kenneth John 




NL PT SE 


Fishkill, New York 12524 (US) 




Designated Extension States: 


• Purtell, Robert Joseph 




AL LT LV RO SI 


Mohegan Lake, New York 10547 (US) 






• Rothman, Laura Beth 


(30) 


Priority: 16.10.1996 US 731538 


South Kent, Connecticut 06785 (US) 






• Wu, Jin-Jwang 


(71) 


Applicant: 


301, Fairfax VA 22033 (US) 




INTERNATIONAL BUSINESS MACHINES 




CORPORATION 


(74) Representative: Boyce, Conor 




Armonk, NY 10504 (US) 


IBM United Kingdom Limited, 






Intellectual Property Law, 






Hursley Park 






Winchester, Hampshire S021 2JN (GB) 



CO 

< 

LO 
O 
CO 

CD 
CO 
CO 

o 

Q. 
LLI 



(54) Residue removal by supercritical fluids 



(57) A method for the removal of residue from an 
etched precision surface such as a semiconductor sam- 
ple IS provided which comprises exposing said precision 
surface to a supercritical fluid or liquid CO2 under 
appropriate conditions that are sufficient to remove the 

Apporotus 10 



residue from the precision suiface Cryogenic aerosol 
may be used in conjunction w th either the supercritical 
fluid or liquid CO2- 



CO2 Chomber 
Eihoutt 24-^ 



CO2 Supply 22 



Reservoir 34- 



Stirring Mtchanism 20- 

Proces* Chamber 12 , 

Htolir Jocttft le^ — 

Sotnfi\» Stag* lA ~ 



^28 High Pr««sh 
Pump SytUffl 



iO CO 2 CylltHler 



. 26 Thcrmocoupta 



□ m 



52HMtar CMtrol 



FIG. I 



J 1 b 3.'3 4 



EP 0 836 895 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applicatton Number 

97 30 7272 



to gory 



DOCUM^ENTS^OI^SID^ TO BE RELEVANT 



Citatiofi of drcument with indication, wf^re appronnate 
■ 1 rp levant passaQ es_ 



EP 0 391 035 A (HUGHB AIRCRAFT COMPANY) 
10 October 1990 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Fnt.CI.6) 



abstract * 

column 1, line 7 - line 15 * 
column 3, line 16 - line 26 * 
column 5, line 52 - column 6 
column 6, 1 1ne 34 
column 9, 1 Ine 47 
column 10, 1 ine 43 



ine 19 



1 ine 36 * 
column 10, 1 ine 8 
column 11 , line 8 



1-3, 

7-10.15 

16,22,23 



B08B7/00 
H01L21/00 



column 11, line 46 - column 12. line 13 



■ ft gures * 



JR. ET AL) 3 



US 5 377 705 A (SMITH, 
January 1995 

+ column 3, line 61 - column 4, 
line 19 ~ 1 ine 21 * 
line 34 - 1 ine 48 * 



i * col umn 4 , 
I * column 4, 
, * column 5, 1 ine 33 
' figures * 



1 ine 8 * 



4-6,11, 
13,14, 
19,20 
12 

4-6, 13, 
14 



column 6, line 36; 



EP 0 587 168 A (LINDE AG) 16 March 1994 

* abstract 

* column 2, line 54 - column 3, line 36 * 
+ column o, line 1 - 1 ine 8 * 



TECHNICAL FIELDS 
SEARCHED (Int.CI 6) 

B08B 



1-3,8, 
13,14, 
19,22 

11,19,20| 



1-7,12, 
16 



The present searcti report tias been drawn up for all claims 



THE HAGUE 



Dalo of compteiion of the sf^arch 

27 July 1998 



C. ATE; GOBY OF CtTFO DOCUMENTS 

^ panicijt.irly r»)eviinT r1 taK^n ,i on*^ 

V parncularty rpjovant r1 combined wflh anoftter 

A iftchnoloqtcal b;ickqroun.1 



Van der Zee, W 



ntten <1r 



T theory or pnnc^le underlying the invention 
t oarlier patent document, but pti^hslied on or 

after the lilirtg date 
O document ated m the appitcfltion 
L documonf citod (or other reasons 

memher of the aamP patent lamHy. cor,Hst)undinu 
dOf umpnt ^ 



2 



EP 0 836 895 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numb«r 

EP 97 30 7272 



DOCUMENTS CONSIDERED TO BE RELEVANT 



'..'tatiufi ct do-cunieni with indication, where appropriate 
ot relevant passages 



F^e levant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.6) 



•US B 522 9.18 A (O'BRIEN) 4 June 1996 

+ column 1, line 12 - line 24 ♦ 

* column 3. line bl - line 60; figures * 



US 5 267 455 A (DEWEES ET AL ) 7 December 

1993 

+ column 2, line 58 - line 68 + 

* column 3, 11ne 19 - column 4, line 19 * 

+ column 6, line 8 - line 24; figures * 



1-4,8. 
15,16.23 



5,6 

1-6,8, 
13-16,22 



TECHr^lCAL RELDS 
SEARCHED <lnt.CI.&) 



rite present searcti lepoit tws been drawn up fuf dif claimb 



Place o( saarch 



THE HAGUE 



Caie of comptenon ol ttw seatcfi 

27 July 1998 



Van der Zee, W 



CATEGORY Of" CiTbC D'DCUMFNTS 

rarttcula-iy rele^vanl ft takf-n aion« 
Daritcula'iy rei^vartl ft co»nbifn=d ^ith artoth^r 
■Jocumiirt of l^n* san-n* c-.itkiijory 
tecnnolo^icai tacKgrcunii 



r irieory or pnric^e urKiery^nq \ne .nvention 
r earlier patent documtint. bu( put')tsn«d or, or 

aner The filing date 
D docurnerrt al*d in \ne appitcatton 
L cJocorr>ent ortad lor otttor reaaona 

S 'TTf^fitjtif lit iti** s-etmb udtynt tariiilv cof r«s^>uf kjitKj 
doc urrw nt 



3 



